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C CN S SN G GN
Milk caseina) 21.10 21.10 0.00 0.00 0.00 0.00
dl-methionine 0.42 0.42 0.00 0.00 0.00 0.00
soybean protein isorateb) 0.00 0.00 20.00 20.00 0.00 0.00
wheat glutenc) 0.00 0.00 0.00 0.00 24.00 24.00
corn oil 5.00 5.00 5.00 5.00 5.00 5.00
meneral mixtured) 3.50 3.50 3.50 3.50 3.50 3.50
vitamin mixtured) 1.00 1.00 1.00 1.00 1.00 1.00
choline bitartarate 0.20 0.20 0.20 0.20 0.20 0.20
cellulose 5.00 5.00 5.00 5.00 5.00 5.00
sodium chloride 0.00 8.00 0.00 8.00 0.00 8.00



















NaCl-50 mM phosphate buffer（0.1 mM ethylendi-
amine tetraacetate（EDTA）含有; pH 7.4）で灌流
した後摘出し、細切後、4倍量の冷50 mM phos-











mM H2O2と1.5 mM CHPを用いて測定した。50 mM
KH2PO4、50 mM K2HPO4、1mM EDTA、1 mM









ルに21 mM KH2P04、26 mM K2HPO4、1mM
EDTA、0.2 M KCl、1 mM EDTA、1 mM GSSG、








0.5 M potassium phosphate buffer（pH 7.6）、0.1
M KCN、10 mM NADPH、蒸留水を140：2：1：
42の割合で混合して用いた。ガラスセルに反応溶液








um phosphate buffer（pH 6.5）0.5 ml、20 mM





























の上清0.5 mlに0.1M phosphate buffer（pH 8.0; 0.1
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した。血清0.02 mlに発色試薬A 2.0 mlを加え、37





























































Table 2 Changes in body weight,liver protein,and kidneys weight of rats
Groups Final body weight Liver weight Liver protein Kidneys weight
(g) (g/100g BW) (mg/g wet liver) (g/100g BW)
C 362±7 3.7±0.1 142±3 0.68±0.01
CN 327±5a 3.9±0.1 143±3 0.86±0.01a
S 292±5a 4.0±0.2 140±3 0.71±0.02
SN 288±3d 4.1±0.1 146±3 0.93±0.02b, d
G 241±7a, b 3.9±0.1 138±3 0.78±0.01a
GN 229±3d, e 4.2±0.1 141±4 0.90±0.02c, d
Values are expressed as the mean of data from 10 rats ±SE
Abbreviations: C,casein protein diet; CN, casein protein diet containing sodium chlo-
ride; S, soybean protein diet; SN, soybean protein diet contaiining sodium chloride;
G,gluten protein diet; GN. gluten protein diet containing sodium chlride
aSignificantly different (p<0.05) from value for the C group
bSignificantly different (p<0.05) from value for the S group
eSignificantly different (p<0.05) from value for the G group
dSignificantly different (p<0.05) from value for the CN group
eSignificantly different (p<0.05) from value for the SN group
Table 3 Changes in water intake,food intake,protein intake,and protein efficiency ratio of rats
Groups Water intake food intake protein intake Protein efficiency 
(ml/day) (g/day) (g /day) ratio
C 20±1 17.5±0.2 3.15±0.04 1.02±0.02
CN 65±2a 18.8±0.4a 3.38±0.08a 0.83±0.03a
S 18±1a 16.0±0.3a 2.87±0.05a 0.82±0.02a
SN 63±2d 18.0±0.5b 3.24±0.08b 0.72±0.02b, d
G 18±1 14.0±0.4a, b 2.52±0.08a, b 0.72±0.02a, b
GN 35±1c,d,e 14.7±0.4d, e 2.65±0.08d, e 0.65±0.02c, d, e
Values are expressed as the mean of data from 10 rats ±SE
Abbreviations: C, casein protein diet; CN, casein protein diet containing sodium chlo-
ride; S, soybean protein diet; SN, soybean protein diet contaiining sodium chloride;
G,gluten protein diet; GN. gluten protein diet containing sodium chlride
aSignificantly different (p<0.05) from value for the C group
bSignificantly different (p<0.05) from value for the S group
eSignificantly different (p<0.05) from value for the G group
dSignificantly different (p<0.05) from value for the CN group






























Values are expressed as the mean of data from 10 rats±SE
Abbreviations: C, casein protein diet; CN, casein protein diet containing sodium chloride;
S,soybean protein diet; SN,soybean protein diet contaiining sodium chloride; G,gluten pro-
tein diet; GN.gluten protein diet containing sodium chlride
aSignificantly different (p<0.05) from value for the C group
bSignificantly different (p<0.05) from value for the S group
eSignificantly different (p<0.05) from value for the G group
dSignificantly different (p<0.05) from value for the CN group
eSignificantly different (p<0.05) from value for the SN group
Table 5 Effect of sodium chloride and / or protein quality on lipid peroxide and glutathione levels
Groups JOOH GSH




SN 0.56±0.05b. d 2.72±0.24
G 0.57±0.07 1.93±0.11a, b
GN 0.87±0.04c, d, e 1.93±0.11d, e
Values are expressed as the mean of data from 10 rats ±SE
Abbreviations: C, casein protein diet; CN, casein protein diet containing sodium chloride;
S,soybean protein diet; SN, soybean protein diet contaiining sodium chloride; G,gluten
protein diet; GN.gluten protein diet containing sodium chlride
aSignificantly different (p<0.05) from value for the C group
bSignificantly different (p<0.05) from value for the S group
cSignificantly different (p<0.05) from value for the G group
dSignificantly different (p<0.05) from value for the CN group














Table 6 Effect of sodium chloride and /or protein quality on activities of glutathione relating enzymes
Groups GSH-Px 1) GSH-Px 2) GSSG-R
(n mol/mg protein/min) (n mol/mg protein/min) (n mol/mg protein/min)
C 149±11 194±11 60±2
CN 139±7 205±9 52±2a
S 132±8 194±12 72±3a
SN 142±10 207±11 66±4d
G 148±9 200±8 60±4b
GN 151±7 211±8 62±4
Values are expressed as the mean of data from 10 rats ±SE
Abbreviations: C, casein protein diet; CN, casein protein diet containing sodium chloride;
S, soybean protein diet; SN, soybean protein diet contaiining sodium chloride; G, gluten
protein diet; GN.gluten protein diet containing sodium chlride
aSignificantly different (p<0.05) from value for the C group
bSignificantly different (p<0.05) from value for the S group
cSignificantly different (p<0.05) from value for the G group
dSignificantly different (p<0.05) from value for the CN group
eSignificantly different (p<0.05) from value for the SN group
1)Se-dependent
2)Total
Table 7 Effect of sodium chloride and/or protein quality on activities of drug-metabolising enzymes
Groups Cyt.C-R P-450 GST
(n mol/mg protein/min) (n mol/mg protein) (n mol/mg protein/min)
C 118±4 0.86±0.03 567±32
CN 147±6a 0.85±0.05 564±13
S 176±12a 0.94±0.06 747±59a
SN 150±10 0.90±0.05 675±14d
G 146±5a, b 0.86±0.03 618±46
GN 153±6 0.88±0.04 649±44
Values are expressed as the mean of data from 10 rats ±SE
Abbreviations: C, casein protein diet; CN,casein protein diet containing sodium chloride; S,
soybean protein diet; SN, soybean protein diet contaiining sodium chloride; G,gluten pro-
tein diet; GN. gluten protein diet containing sodium chlride
aSignificantly different (p<0.05) from value for the C group
bSignificantly different (p<0.05) from value for the S group
eSignificantly different (p<0.05) from value for the G group
dSignificantly different (p<0.05) from value for the CN group


















































Table 8 Effect of sodium chloride and/or protein quality on serm creatinine, 
uric acid, urea nitrogen and A/G levels
Groups Creatinine Uric acid Urea nitrogen A/G1)
(mg /dl) (mg/ dl) (mg/ dl)
C 0.47±0.05 3.27±0.32 16.4±0.5 1.36±0.11
CN 0.53±0.05 2.93±0.23 18.7±0.8a 1.34±0.11
S 0.55±0.01 2.89±0.17 16.0±0.4 1.45±0.14
SN 0.61±0.05 2.98±0.19 19.8±0.5b 1.67±0.08d
G 0.45±0.02b 3.17±0.12 16.0±0.6 1.35±0.09
GN 0.56±0.05c 3.23±0.17 19.8±1.1c 1.57±0.15
Values are expressed as the mean of data from 10 rats ±SE
Abbreviations: C, casein protein diet; CN, casein protein diet containing sodium chloride;
S, soybean protein diet; SN, soybean protein diet contaiining sodium chloride; G,gluten
protein diet; GN. gluten protein diet containing sodium chlride
aSignificantly different (p<0.05) from value for the C group
bSignificantly different (p<0.05) from value for the S group
eSignificantly different (p<0.05) from value for the G group
dSignificantly different (p<0.05) from value for the CN group
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Summary
The effect of sodium chloride (NaCl) and/or protein quality on hepatic glutathione-related enzyme sys-
tems in rats was investigated for a period of 90 days.  The blood pressure of the NaCl-treated rats were
found to be significantly elevated, especially, with gluten diets.
Feeding of NaCl diet led to slight increase of lipid peroxides contents, especially, with gluten diets.
Feeding of NaCl and gluten diets resulted in significant decrease of glutathione content.  On the basis of
the results obtained in the present study, it may be suggested that long-term feeding of high NaC1 and
gluten diet reduces the detoxification of many xenobiotic compounds, and generates the oxygen radicals
and lipid peroxides leading to various pathological processes. 
